Surgical Treatment of Non-Small Cell Lung Cancer with Isolated Synchronous Brain Metastases by I, Hoseok et al.
INTRODUCTION
With regard to oncology, the brain is very closely related to
the lung. Lung cancer is the most common cause of metasta-
sis to the central nervous system (1). The brain is also one of
the most commonly involved organs in metastases from non-
small cell lung cancer (NSCLC) (2).
Unfortunately, once metastatic brain disease become clini-
cally apparent, the cancer usually has already disseminated
widely, which signifies extremely poor prognosis. The medi-
an survival duration of patients with brain metastases from
NSCLC is approximately 1 month without treatment (3), 2-3
months when treated with steroids alone (4), and 3-6 months
when treated with whole brain radiotherapy (WBRT) (5). As
the survival of patients with brain metastases tends to be so
short, quality of life and alleviation of symptoms are consid-
ered to be the principal therapeutic objectives.
Recently, however, aggressive treatment involving either
surgical resection or radiosurgery has been applied, with po-
tential curative intentions. Neurosurgical resection of solitary
brain metastasis of various origins resulted in a prolongation
of median survival to 3.5-8 months (6). Also, in lung cancer
cases, several retrospective reviews have suggested that aggres-
sive therapy, such as resection of the lung and isolated synchro-
nous brain lesions, as well as metachronous brain metastases,
may be associated with prolonged survival duration (7-9). Un-
der the presumption that low-burden metastatic disease can
be effectively surgically resolved in certain subsets of patients,
we have treated patients exhibiting primary NSCLC and iso-
lated synchronous brain metastases aggressively, by the com-
bined control of lung and brain lesions.
This study retrospectively examined our experiences with
patients who underwent treatment of isolated synchronous
brain metastases coupled with primary NSCLC in the last ten
years.
MATERIALS AND METHODS
From January 1995 to June 2004, 1,590 patients underwent
surgical resection for NSCLC at our institution. Twelve (0.7%)
of these patients exhibited isolated synchronous brain meta-
stases coupled with primary NSCLC.
Preoperative workups included computed tomography (CT)
scanning of the chest and upper abdomen in all patients, bron-
choscopy or percutaneous needle aspiration, when applicable,
for the histologic evaluation of all patients, brain magnetic
resonance imaging (MRI) in all patients with neurologic sym-
ptoms or adenocarcinoma, bone scans, and positron-emission
tomography (PET) or PET-CT. Pathologic reviews of pulmo-
Hoseok I, Jung Il Lee*, Do Hyun Nam*,
Yong Chan Ahn
� , Young Mog Shim,
Kwhanmien Kim, Yong Soo Choi, 
Jhingook Kim
Department of Thoracic and Cardiovascular Surgery,  
Neurosurgery*, and Radiation Oncology
� , Samsung
Medical Center, Sungkyunkwan University School of
Medicine, Seoul, Korea
Address for correspondence
Jhingook Kim, M.D.
Department of Thoracic and Cardiovascular Surgery,
Samsung Medical Center, Sungkyunkwan University
School of Medicine, 50 Irwon-dong, Gangnam-gu,
Seoul 135-710, Korea
Tel : +82.2-3410-3489, Fax : +82.2-3410-0089
E-mail : jkim@smc.samsung.co.kr
236
J Korean Med Sci 2006; 21: 236-41
ISSN 1011-8934
Copyright � The Korean Academy
of Medical Sciences
Surgical Treatment of Non-Small Cell Lung Cancer with Isolated 
Synchronous Brain Metastases
This study is a retrospective examination of our experiences with patients who un-
derwent treatment of isolated synchronous brain metastases coupled with primary
non-small cell lung cancer. From January 1995 to June 2004, 12 patients present-
ed with isolated synchronous brain metastases coupled with primary non-small cell
lung cancer. The patient was comprised of 8 men and 4 women. The median age
was 52 yr, in a range of 32 to 75 yr. Median follow-up duration was 10.6 months, in
a range of 2 to 55.8 months. Recurrence developed in 7 patients, and the median
interval from 1st treatment to recurrence was 4.5 months (2.8-6.5 months). The over-
all 1-yr survival rate was 61.7%. The 1-yr survival rates for pathologic N0 and N1
cases were 75% and 66.7%, respectively. The median survival duration for patho-
logic N2 was 6.2 months (95% CI, 4.8-7.5 months). The 1-yr survival rate for cases
of single brain metastasis was 75%. Based on our current observations, we could
speculate that aggressive management of primary non-small cell lung cancer and
isolated synchronous brain metastases was beneficial in a selected group of patients,
as long as the brain lesions and pulmonary lesions were limited or resectable.
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nary and cerebral or cerebellar neoplastic tissue confirmed
identical histological diagnoses for all patients who underwent
craniotomies.
Synchronous brain metastases were defined as those metas-
tases which were diagnosed less than 60 days from the time
at which the primary NSCLC was diagnosed.
The medical records of each patient were examined with
regard to age, sex, histologic type and grade, pathologic intra-
thoracic TN stage, surgical procedure, postoperative compli-
cations, adjuvant therapy, and survival duration. Follow-up
included outpatient visits and correspondence. Every patient
was completely traced. Cerebral resections were considered
complete when all gross evidence of disease was removed. In
all patients, pathologic staging was conducted according to
the guidelines of the International Staging System for NSCLC
(10). Operative mortality included patients who died with-
in the first 30 days after the thoracic procedure, as well those
who died later, but during the same period of hospitalization.
Our patient was comprised of 8 men and 4 women. Medi-
an patient age was 52 yr, in a range of 32 to 75 yr. Median
time between the first cerebral treatment or pulmonary resec-
tion and the pulmonary resection or cerebral treatment was
15 days, in a range of 10 to 380 days.
Initial pulmonary manifestation and treatments
No patients received neoadjuvant chemotherapy or radio-
therapy. Pulmonary resection included pneumonectomy in
1 patient, bilobectomy in 4, lobectomy in 6, and wedge resec-
tion in 1. Mediastinoscopic lymph node biopsies were con-
ducted in 3 patients, all of which generated negative findings.
Complete pulmonary resections (R0) and mediastinal lymph
node dissections were performed in all patients, with the ex-
ception of one, who underwent wedge resection. Adjuvant
radiotherapy was administered in 2 patients with pathologic
T2N2 stage. No patients received adjuvant chemotherapy.
The NSCLC histologic type was adenocarcinoma in 7 pa-
tients (58.3%), squamous cell carcinoma in 3 (25%), and ade-
nosquamous cell carcinoma in 2. Lymph node metastases were
present in 7 patients, and were staged N1 in 3 patients and
N2 in 4. The locoregional NSCLC staging is shown in Table 1.
Initial cranial manifestation and treatments
Six out of 12 patients exhibited neurological symptoms.
These included headaches in 4, visual disturbances in 1, slu-
rred speech in 1, motor weakness in 1, and gait disturbances
in 1. The number and location of metastatic lesions is shown
in Table 2.
Treatment for brain lesions included 5 craniotomies, 7 stereo-
tactic radiosurgery (SRS), and 11 WBRT. WBRT was recom-
mended to all patients, but one patient refused it. As modali-
ty to increase local control, either craniotomy or SRS was ap-
plied, and the decision on modality selection was made on
an individual bases considering the advantages and the dis-
advantages of each modality. Craniotomy was favored if the
lesions were rather superficially located and were causing dis-
tressing neurologic symptoms and signs, while SRS was fa-
vored if the lesions were in deep and eloquent areas. Further
local treatment for the brain lesions was not performed in two
patients following WBRT, who were with very small sized
metastatic lesions. Treatment for brain lesions was carried out
prior to that for pulmonary lesions in 7 patients, one of whom
underwent craniotomy and WBRT at another hospital. Gross
total removal of metastatic tumors was verified in all patients
who underwent craniotomy at our institution. The radiation
dose for WBRT was 30 Gy in 10 fractions in every patient.
The combination of treatment modalities for brain lesions is
shown in Table 3. SRS was conducted with linear accelerator-
based radiosurgery system in 1 patient, and Gamma-Knife
unit in 6 patients.
Statistical analysis
Survival was estimated by the Kaplan-Meier method, with
the date on which treatment on cerebral or pulmonary lesion
was initiated as the starting point, and the date of death or
last follow-up as the end point. Comparisons of survival by
univariate analysis were estimated by the log-rank test. Cox’s
proportional hazard model was used for multivariate analyses.
*Histologic grade was determined in 11 patients.
Category Number of patients (%)
Histologic subtypes Adenocarcinoma 7 (58.3)
Squamous cell carcinoma 3 (25)
Adenosquamous cell carcinoma 2 (16.7)
Histologic grade* Moderately differentiated 8 (72.7)
Poorly differentiated 3 (27.3)
Locoregional stage T2N0 5 (41.8)
T1N1 1 (8.3)
T2N1 1 (8.3)
T1N2 1 (8.3)
T2N2 3 (25)
T3N1 1 (8.3)
Table 1. Pathological characteristics of NSCLC patients
*Number of lesions was determined in 11 patients.
� indicates the number of location.
Category Number of patients (%)
Number of lesions* 1 5 (45.5)
2 3 (27.3)
3 1 ( 9.1)
4≤ 2 (18.1)
Location Supratentorium 8
�(66.7)
Parietal lobe 3
�(25.0)
Temporal lobe 2
�(16.7)
Frontal lobe 2
�(16.7)
Thalamus 1
�(8.3)
Infratentorium 4
�(33.3)
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A pvalue of less than 0.05 (p<0.05) was considered to be sta-
tistically significant. All analyses were performed using the
SPSS software package (SPSS for Windows, Release 11.0, Stan-
dard Version). 
RESULTS
There was no operative or in-hospital mortality. Follow-up
was completed for all 12 patients for a median of 10.6 months
and a range of 2 to 55.8 months.
Recurrence developed in 7 patients. Recurrence occurred
in the brain in 2, distant organ in 2 (pelvic bone/ovary, adrenal
gland/rib), and both the brain and distant organ in 3 (brain/
extremity, brain/liver/pleura, brain/spine). The pathologic TN
stages of patients developing recurrences were T2N0 in 3,
T1N2 in 1, T2N2 in 2, and T3N1 in 1.
The median interval from initiation of treatment to recur-
rence was 4.5 months (2.8-6.5 months).
Treatment of recurrence included 2 WBRT and 4 SRS for
cerebral lesions, radiotherapy for spine, extremities, ribs, and
pelvic bones, adrenalectomy, and salphingooophrectomy.
Currently, 8 patients remain alive, and 4 of them have exhi-
bited no signs of recurrence at 8.5, 12.9, 34.5, and 55.8 mon-
ths after the initial treatment. 
The overall 1-yr survival rate was 61.7% (Fig. 1).
The 1-yr survival rates for pathologic N0 and N1 were 75%
and 66.7%, respectively. The median survival duration for
pathologic N2 was 6.2 months (95% CI, 4.8-7.5 months)
(Fig. 2). The difference between survival rates according to
pathologic N stage evidenced a trend toward statistical sig-
nificance (N0 vs. N2, p=0.0586).
The 1-yr survival rates for locoregional pathologic stages I
and III were 75% and 53.3%, respectively (p=0.2492).
The 1-yr survival rates for solitary and multiple brain meta-
stases were 75% and 44.4%, respectively (p=0.1442). The 1-
yr survival rate for the 9 patients with brain metastases involv-
ing less than 4 lesions was 70%. Seven of these patients remain
alive for between 5.6 and 55.8 months.
The 1-yr survival rate for the 4 patients with 2 or 3 cranial
metastases was 66.7%, which was not significantly different
from that for patients with solitary brain metastases (p=0.5).
Currently, 3 patients of them remain alive, at 5.6, 8.5, and
12.8 months after the initial treatment.
Survival was not found to vary significantly with histologic
type (adenocarcinoma vs. non-adenocarcinoma, p=0.9859).
DISCUSSION
Approximately 25% of patients with stage IV NSCLC ex-
hibit brain metastases, as well as other incidences of metastat-
ic disease (11). The natural course of untreated brain metas-
tases included progressive neurological deterioration, with a
median survival time of 1-2 months (6). The prognoses of
brain metastasis patients tend to be poor, with a median sur-
vival of 2 months when treated with steroids alone, and 3 to
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Fig. 1. Overall survival.
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Fig. 2. Survival according to locoregional pathologic N status.
N1
N2
N0
The number in parentheses indicates the number of patients who under-
went pulmonary resection prior to treatment for brain lesions. WBRT, whole
brain radiotherapy; SRS, stereotactic radiosurgery.
Combination of treatment 
modalities for initial brain lesion
Number of patients
WBRT 2 (2)
SRS 1 (1)
Craniotomy+WBRT 3
WBRT+SRS 2 (1)
SRS+WBRT 2 (1)
SRS+Craniotomy+WBRT 1
Craniotomy+SRS+WBRT 1
Table 3. Combination of treatment modalities for initial brain
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6 months when treated with WBRT.
Aggressive treatment of brain metastases may involve either
the surgical resection of the metastases, or the ablation of the
metastases by SRS. Removal of brain metastases has been de-
termined to prolong survival and improve quality of life (12).
The effect of treatment of brain metastases without treatment
of the primary site, however, may be quite limited.
Retrospective series suggest that some patients with stage
IV lung cancer, coupled with a solitary synchronous site of
extrathoracic metastatic disease, can be effectively treated by
the resection of both the primary tumor and the metastasis
(7-9, 13).
Among patients with lung cancer that has metastasized to
the brain, the most favorable prognoses are associated with
complete resection of the primary lung tumor (14). Solitary
metastases are associated with better prognoses than are multi-
ple metastases (9). Whether brain metastases are metachro-
nous or synchronous has not generally been found to influ-
ence survival. It remains unclear as to whether or not the lym-
ph node status of the primary tumor is of prognostic signifi-
cance in patients who undergo resection of a solitary brain
metastasis (7).
Bonnette et al. suggested that it seemed legitimate to pro-
ceed with lung resection after the complete resection of a sin-
gle brain metastasis, at least in patients with an adenocarci-
noma and a small lung tumor and without abnormal medi-
astinal lymph nodes, as seen on the CT scans or during medi-
astinoscopic lymph node biopsies (15).
The overall 1-yr survival rate of our patients was 61.7%,
which is consistent with the findings of other reviews. Our
Fig. 3. Preoperative chest CT and brain MRI of 54-yr-old man with
locoregional pathologic stage T2N0 coupled with two metastatic
brain lesions. A 5-cm sized central mass at the orifice of the right
lower lobar bronchus protrudes into the right bronchus intermedius
(A). Axial views of T2-weighted fluid-attenuated inversion recovery
(FLAIR) imaging show a solid mass in the right cerebellar hemi-
sphere (B), and in the medial portion of the left temporal lobe (C).
A B
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cases included two cases of brain metastases with more than
4 lesions. One was a patient who was discovered to have lepto-
meningeal seeding 48 days after pulmonary resections. The
other was a patient whose multiple brain lesions had regard-
ed as ischemic change, and thus the treatment of this patient’s
brain lesion was delayed. Excluding these cases from the sur-
vival analysis, the overall 1-yr survival rate was 70%.
Although no evident statistical differences were detected,
the difference between survival rates according to pathologic
N status tended toward statistical significance (p=0.0586). In
addition, the survival of patients with pathologic N1 was not
different from that of those with pathologic N0 (p=0.5316).
When deciding upon the most appropriate treatment option
for an individual patient, the following factors should be taken
into consideration: symptoms; general condition of the pa-
tient; extent and status of cerebral disease; and extent and sta-
tus of extracranial disease. Craniotomy is the preferred treat-
ment modality for solitary lesions associated with significant
edema, large lesions (greater than 3 cm at maximal diameter),
superficial lesions, lesions causing symptoms requiring imme-
diate relief, and lesions associated with hemorrhage. SRS is
recommended in cases in which the lesion is deep, but is less
than 3 cm at maximal diameter, when there are medical con-
traindications to craniotomy, or in some cases, when the tumor
recurs (16). There are benefits associated with both cranioto-
my and SRS. The decision to operate on lesions of interme-
diate size (which typically range from 1 to 3 cm in maximal
diameter) is particularly challenging, as in many cases, surgery
and SRS may be considered to be equally appropriate treat-
ment methods (17). The advantages of craniotomy include
the immediate resolution of mass effects, the acquisition of
tissue for pathologic diagnosis, and no risk of radiation necro-
sis (18). The advantages of SRS include decreased risks of he-
morrhage and infection, less invasiveness, and no risk of tumor
seeding. The disadvantages of SRS include the potential exac-
erbation of peritumoral edema, the necessity for long-term
steroid administration, and radiation necrosis (19). Tumors
in eloquent cortex, or deep-seated tumors, are usually consid-
ered unresectable. In these cases, SRS constitutes a compelling
alternative to surgery. With regard to resectable metastases,
it remains unclear as to whether SRS or craniotomy provides
better survival benefits, even for patients manifesting single
brain metastases (18).
In our reviewed cases, we included patients with multiple
cerebral metastatic lesions as well as patients with single le-
sions (Table 2). The survival rate associated with 2 or 3 cranial
metastases was not significantly different from that associat-
ed with solitary brain metastases. A patient with T2N0 stage
and 2 cranial metastases was successfully treated via a combi-
nation of SRS for the smaller lesion, craniotomy for the larger
lesion, WBRT, and bilobectomy. This patient remains alive,
12.8 months after the inception of treatment (Fig. 3).
Based on our current observations, we could speculate that
aggressive management of primary NSCLC and isolated syn-
chronous brain metastases was beneficial in a selected group
of patients, as long as the brain lesions and pulmonary lesions
were limited or resectable. Admitting the positive role of sur-
gery in the management of isolated synchronous brain metas-
tases coupled with primary NSCLC, we are planning to design
a prospective phase II study regarding the surgical treatment
of NSCLC with isolated synchronous brain metastases.
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